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(54) DC/DC CONVERTER AND SWITCHING POWER SUPPLY 

(57)Abstract 

PURPOSE: To provide a DC/DC converter in which the 
loss of switching element is reduced and high frequency 
switching operation is realized. 
CONSTITUTION: The DC/DC converter DDC 1 
comprises a transformer T1, a switching element Q1, a 
capacitor C1 f a choke coil L1, and a switching element 
Q2. The switching element Q2 sustains ON state for a 
predetermined time after turn OFF of the switching 
element Q1 to hold the energy of the choke coil L1 
during that interval. Upon turn OFF of the switching 
element Q2, the choke coil L1 resonates with the 
capacitor C1 and brings the voltage across the capacitor 
C1 to zero upon elapse of a predetermined time. Zero 
voltage switching of the switching element Q1 is carried 
out in such a manner. 
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(2) 

I (2) 

acx-rvf^^fSWON, OFFS«9T4«8lf 
SB 2 9 9 >X<hH5i]tc|£iiSl5£ tt. SB 1 <A 

> ^ £fr& o c £ <t * d e / d c ^ > rt— 9. 
[W*«2j sb i rox-r -yf »io-r>^ 

ir^>X<i:*Wr-5DC/DCa>yt-$'(C*V^T. IS 

«*-r*SB2»-f >?99>7.t.* $&2<n^>?t 9> 
Xfc»«Snt. SSlcaX-r j/^^gtCOOFF'tfcco 
-£P*J8*T, ON«jBSa«OT. SB 2 WO:?'** 

>xic. ^-owr*x^;i^^*-e<7>(sifiif*$-t*- ; ssf2co 

OFFfcWWTSWfUMt. * 1 ©X-f y^>*« 

<fc««sn. ss2<dx< v^>^#&#off&, »2 

**-fcTa^^*=3>^^^>Xt2&WL. SBloxf^ 

[»*«3i m#Jii£fcii2ffi*0>ssi0>-r >^** 

C £: tT5DC/DC3 
[W#^4] »#«lS£:te2ie*<Z>SBl©<>$''i^ 30 

■C*5ut4H»tt4DC/DC3>/1-^. 
[»#JB5] ttsftqU. 2. 3 S*:ti4ffilt<OSB2cOX 

-f ^^>y^©(DONKfraat^oFF«»Bi«. HjeB*ra 

T*SCiS»tiT5DC/DC3>/W. 
[S»*3i6] W*IB1. 2, 3» 4*fcti5E*<0DC 

fca^^Hi^#S*WL^ SBl<0*-f y^>y#S:li. 
_t22fI^*£l7tttt*A7J*&£*rU SBKBX-f^ 
>y^©<DONP*mRtfOFFI«HBlte. ±:ffia>iii*>#a 

txio, M9an5ut*»at-r5Dc/DC3>A 

(StJfcJS 7 ] »#IH 1 . 2. 3. 4, 5ifctt6£tO 
D C / D C 3 >A-^ r i: S»I tt5 X -f -j 

l%m<r>stwtLtstmi 

[0 0 0 1] 
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(0 0 0 2] 

ta=*0>srd5] IE*. :nitf)x-f 7f>i/tfitLt 

«. «>LfJa3»C7F-r<fc-5^: , bro7>«*-6. 
[0 0 0 3] B3 II. 7*7-H»©— SW&X-f 

[0 0 0 4] ^^->y«2S}i. BflSSRECT 

<fc. ¥»EIS»SMC 7* 9— KJgtODC/DC3> 

ift]9fLDi:fltlST«. 

[0 0 0 5] DC/DC3>A-^DDC2lt h7> 
XTli, X-f y ^>^3!t^Ql<i:> PWM3>hD-jP 
ES&lClt. 7Y-K/t7^B8FBt. X^-AESS 

CRli. y-ft-KCR2t. SoS^-f *— HC R3 

[0 0 0 6] a3WftffSa^H2 0M 5>^r- 

[0 0 0 7] ^K?>XTl©i:XiS( (Qll£«») 
2&« (CR2i**fc) £»<3tt*n = (l^«^Sfc/2 

Am&w it*. 

[0 0 0 8] X-fir^>yj|ffll*AflM» (*E»Ei£) iZ 
iOON, OFF«|ffStt5. QlSrON-T^C tCt 
0. h7>XTl©— *«K«0SIl^S5n, h7>XTl£D 
2^«!tC*/E*^±-r-S. 2*ffl!*3gJi. ^-f^-MCR 
2 ifa-^3-f JHl&ifiEnai?LDtC«gg*aE-r. C2 

Ffr^-st. 2^«tt^-r *- kcr2 Ammmizrj.o. 

? 3 - ? 3 -f MICf «3ntX^J^-*^'f t- 1 4 
CR3 — ?3 — ^a-f JHUfcSSnftJSfLD^aiR^BS-r. 

-^fiKox-f y ^>i/*w&t«ns*3lii0tr^s. 

^-f*- KCR1 , =1 >^>+rCl. ffiStRltt. X:f — K- 
E»TVl<7)±.IK«JE£-fcSA.TU-5. rcOftf^^MT. 

N8#ICtiU V1=EIN t?*0. COX-f -y^f* 

^QlJ&*SS £K O N -T -5 * "C iZ \t * 4 Sn^f IBJ * ^: 

*tC±i;S. OF FP*f<^flfllIU30^T«. 11= IS/ 
nTftt), §g±lCOF FlC?S**T{Cfea6*i5n^IBj^ 

[0 0 0 9] u^3&«oT. ^(Diro^'f -y^->y«stc 

£32£T -5. Cfl)«*(iO 
N. OFF©ttf»:£i;SOT!. ON. OFFOJfigL 

[0 0 10] 

[389iJW*fcU«i:-5<tT53U8] dco«fc^*C. 
-f y*>>f*miZ&-?r\t* X-f yfV^WON. 
O F F ^. -f y * > ifm=Flz «t «ffl^*«SiSRictt 
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3 (3) 
F F IZMBL SOV. 3LXLiin&L&0 AICUT»£=£ 

[0 0 12] *56^0Bfl«J»i. x-r ? 10 

C/DC3>/W««ftti-tl:fc5. 
[0 0 13] 

>y#Si:. Ml OK >^?>Xi*tt5DC/D 
Cn^A-rSMCfc^T* SB 1 OX< yf>yfattjii 

X-f g20X-f •y?>^S0ON, 2? 

OFFi«»t5iMWfgi:. 3§2(D-f >?>79>7.k. 

Amzmmtsn. wunx-c y?->#m&ii\i&.tttz& 

[0 0 14] 

[00151 ss2a>x-f ^^->y^a«, ssi<ax-r * 

[0 0 16] 35 2 O X-f yf>m*«OFFE »2 



f$HHP4-2 9 90 64 
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[0017] c-5 l-t, »icox-f v^^^^ao-fera 

ftJEX-f y-J^ftfrfeS 
[0 0 18] 

ffitU -f >$<?*>XL £3 >7*>iJ-C 

[0 0 19] tLTHL «*©PWM^5S (H 

iHflSUfcaSONI^IBI C*-ft*3%. BtOFF^M) 
-cftf^-r* X-1* y ^> ^M^KH&^m^ >?>7 9 > 

[0020] m*thmi. 5i3goN^pirom{r*s<o-r 

a^fT. OFFWoftSll. HJ£ONP*I3J<018!ONT 

&-&j£Aorox-f ^>y*fA<iiaL. ^so-o^* 

•5. aSON^|8Id«**5^> T. BtOF FP$|S|K£c<5 
<fc. SfinaX-f >5 r *WOFFi)iO. *lO-f 

tt. H^RI (H5£OFFIS$[iJ|> Z\(D&& 

a<X^— hS*tC PWM^SCCOX-f y6F>f *^Pi5i 

set**. 

[0 0 2 1] 

[Ski] 



T= 1/f = 2 tc-/L~C 



[0 0 2 2] Lt*bT. aSON^ftVJOf^fflliJrOv 
PVVMO»I3EONI^fBIKfl:^Bg«^<v PWM3>hD 

[0023] sin srrs-e* 

[0 0 2 4] *X<f 9 7> *ttff tl. SS6SRECT 
i. 9fltenffSMC&. 7*7-l«»ODC/DC3> 

[0 0 2 5] DC/DC3 — ?DDC1(1 1 O 



40 R2t. SS2co-f >yir^>XT»i»?3 -^3-f/VLl 

2<h. 3>^^>X?»53>f>1tCli. ^-f^*— 
KCRlfc. iW»^®-C*SPWM3>hD-;Hs]8S I 

M3 > ha— JUslS I C2<fc. 7>f - H/t y ^®8SF B 
fc. 9-1-*— HCR3t. jT-fsj-— KCR44:. LC7^ 
* * m & T * * 3 - 9 a -f iW L 2 * «fc =i > 7 s > * C 2 

[0 0 2 6] PWM3 > h a — I C2*»^fi. « 

5(7 Mfit— £ (T) 0>Jg«i£-7. X-f y > ^ fc^PQ 1CDO 
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^ (A) !><w^sns. 

[0 0 2 71 X-fv^V^^QUi' PWM3>hO 
[0 0 2 81 PWM3>KOr-ft@ai Cl*»eii. S 

»a*<— ^ (T) <offi«aE-c. onwh$^*4. x 

[0 0 2 91 EIN HX*JDC*JE. Al±. *g«M£<t*f. 
Btt. *§»j£®«*. Ql»X-fy^>^*^ (FET) . 
Q2tiX< v^>^* z F" (FET) . Cite. QlOXhU- 

tispitffl^a-^-f Tl»iX< vf>yh?^T 

[oo3ii thft&m&mi ta4K:«tDfTJi^. 

[0 0 3 2] (1) t0~tlBlO»jfE 
X<y^>y* : PQl**ONtt®. X-f ^^>^* r FQ2*« 
ON«» (X-f * *>y*^Q2tt. S4Tf±. tOTON 2> 

tfc»cfcoTir>-5A*. ^nt;:is-5fcamifc<. to~u 

*. 

[0 0 3 3] I/fc^oT, V1=0 V. V2=EIN . 11 = 
(EIN/L1) • t + I (10) 
12=Is/n 

i (to) ii. to^<ouw«»"C**. 

(2) tl~-t2H«B»«; (Vl*tElN tC3tUfcP?IS!£t2 50 

X<yf>^ffllliOFFm X-f y*>>y**Q2 
ttONtflSTtefcSattO-tlfcHl^lMljiT**. * 
3 - ? n -f JH t a >-9-ClCD#«lC <fc O VH4t2-CEIN 
*T.t#-r*.IltSJ»tD. I2tt«t£-!£tt«!:fc£. Ht I 

2iicnc3Enctrfe*. via, aickH'Tscfcttfe 

<. X-f 7f>^fQ2©OF FB#tf>ffl$cli* '>fe 

[0 0 3 41 (3) t2~-t3ISja>ft«s 
X<y^>y*HHllt*OFF#». X-f -y ^> ^*^Q2 <«> 

[0 0 3 51 :mt ^-f *-FCR2<&PSMO«ffia<0K 
fcO. y-f 3i--FCR2j!>i*jltrft*fcJe>-C*-S. V1=EIN 
-r*SA^V2= 0Vi44. 

[0 0 3 61 Ufc!l<-3t. lite. ^ 3 -f 3<;niw 
«S*£i#f£mK<k9. t2P*£>««fiailP £R1#L-CV> 

5.. 

[0 0 3 71 1214. tetfOATfcO. MtX if 
[0 0 3 81 (4) t3~-t4|B|<D«f£ * 



4-299064 

6 

C<DWt* X-f V7>**¥QL X-f -y?->ifX=FQ2. 
mzOF Ftt»TT*-S. ^3— Mlt3>f >+>■ 

C105*«tc:«tO. Vltt_t»T<5. t4P*tt. ^3 — irz-f 
)\,LUZWm£tT.tZX.*)V* (l/2)-Ll-(I IP^T 
~tT. 3>5 e >-»aCfMtU U=0 tftot^T* 

-5. coalite. zi>y*>wuzdiftz\ts. 

(0 0 3 91 (5) t4~t5ra<&ttf£ (V1j>«E[N iZ& 
LfcHS£l6<i:Lfc) 

r. x-f -y^>y*TpQl. X-f v/^>y*^Q2. * 
»XOFF«*-C*-S. 

[00401 n>x>-y-cnr««$nfcx*;i'^-* t ^ 

3 — ? n-f ;Hl*ao. XTjfciREIN lcfc<!£-5. »5P* 

ii. a>x>u-citc#«sn^x*;p^- (i/2)-c 

l.(Vlp)-OI*. <l/2)-Cl-(Vlp l -ElNHj&t^a-? 

3-f ;nitc»fT-r2>. 

[0 0 4 1] (6) l5~t6(3jCD»lfe 
X-fv^>y*^fH)l. X-f y^>y*^Q2. ^COF F 

[0 0 4 2] VKBIN tftO. K^>XTia>2^:ffly-f 

1. |-7>XT10>— *W«:flSns. — a8tt3>-r f >U-Cl 
A>e^3-^3-f;Ul*ii0A^*iSSE!S tcdsn-s. 

[0043] -tfn«j£x-f ^^■>yco*#«^s-r ; &fc 

C. t6l^roil=IlPN«r I I1PN 1 ^Is/nlC^4«fcair^ 
3 — ^ 3 -f ;PL1 1 3 > 5 s > IfCl <O^St €: U X * -5 

*e>. t6Riovitto vt*s. y-f*— KCR1 , ^3—^ 
[0 0 4 4] Klfttt:. PH;«0ilUSff^:-5. t6/)<t0tc 
[0 0 4 5] X^«ffi3Efk. R^??ra«^»LTtt. 

to~tmra (x< -jf-yvmwitfiOHnm 

[0 0 4 6] SfctO— 13*^^13— t6^IBJliHS^PI"C 
fcSfcsb. 5="3— Mlt3 >5 s >i»-Cl<0^®tC < fc 

(0 0 4 7] JBl-hOie^triO. X-f •y^>y* z F : Qlf) 
ON^tO (=t6) . 45«ttfOF FJ^tltCtt. V1=0V"C 

[0 0 4 8] SLfcX-f ^^>y*^Q2*«ON^ (tO-tl 
<Dr51-CONtt«) tCtt. VI- 0 V. V2=EIN 
^-f*— KCR2 A<*-S/tJ6X-f •y.^->y*^Q2Sr*n-5 

t«iiOAr«4. 

[0 0 4 9] S/S:. X< •y? L >y* ; P<l2^0F F^«. 
?3-?3<^Ll. y<*- FCR2<D«#IC«fcO. V2 
= 0 

[0 0 5 0] LfcA«^T. X-f7f ^^W- 
^ ■5 ! ->y* : ?Q2«^{C. ON. OFFr5^.«TC«*IC 
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[0 0 5 1] *^5$tC*3HTte|Ilpl>Is/n<0 

*.T. Vl<Ofcr-^<tVlp$/h$<-C^-5. 
[0 0 5 21 Lfc«£. 3 7 IC^T. 

[0 0 5 3] 0 7 lc;ih7>XTlC0 2*(Bl<^*.*ji5-r. 

[0054] as. eiz\t, mnm&m&TF-r. 
[0 0 5 5] a 2 0>nmM<nm&*:® s tc^-r. 

[0 0 5 6] X-T y ^->yff ^A; BI10 4 <bPJD"C& 
[0 0 5 7] Vlfc04 V2«» X<f v^"> 

y ae^Qiato nib? ki ^ 3 - ? 3 -r ;m t. 3 > x >t>-c3cD 

^Jg®KJrioT*S^n, H9<Dtl~t2fttft3^t4fS 
fBJtev ;UH<i:3>T r >t*-C=(Cl-C3)/(Cl 

[0 0 5 8] *X-f7f>yt«tt. SilSRECT 
<fc, ^fttHlKSMCt* 7t7-K»ODC/DC3> 
/t-^DDC3iStL. ACAfl^SltT. Sfitaj^J 

[0 0 5 9] DC/DC3>A-?DDC3tt. SB 1 <T> 
-f>??9>X-t;$>Zh5>XTl£. SRI 0>X-f y?- 

R2£, SB2ro-f>^iT^>Xir*S^3 JtLl 

2<h. 3>y??>XTS £3 CI. C3<fc. ^ 

5PWM3>hn-JHsISICli:, "7 A — KA-y i'lsO 
SFBt. ^-T*— KCR3£. y-f*- FCR4<h, L 

[0 0 6 0] PWM3 > h a-JKUgS I C2*»^tt, « 
t(T)»gBft?. ON^FW^"IST**» X-t" 
•y ? > y * ^ Q 1 * KftT * ft ^ ( A) #<UJ7J 3 *l S . 
X-f y?->y3*^QUi. PWM3> hn- ;H3» I C2 

[0 0 6 1] PWM3> h a— Clrt^Ji* 3 
aj*{-S(T)om)Bi6-C. ONI#faj*«HSTfi-5, X< 

INSiXTjDCmJE. Att. Bli. 
^. QlliX-f 7f>^*f(FET), Q2liX< v=f->9 
^(FET). Cite. Q1<DX h U — ->-Sat>^«>fcP> 
7 f >-«t. C2te¥»ffl3>-5=>"9\ L2li^»ffl^3 — *3 

[0 0 6 2] t4~t6^f85tt ; 5 : '3--^3-f ;Hl<h=3>7 s > 
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(5) 8 

-*C30#«£fc*@S5t:: e fco-Cfc;£3n.5. ftf£R9! 
£BS«l:S9fc:J;0fT3. 
[0063] (i) to~t mnnift 

[0 064] I KOro«fft ^3-^3-f JPLltr* 

[0 0 6 5] I l=0TV2ttftCO**«ffi{ca^. CIO 

[0 0 6 6] I 1>0 »C^f5/t^e«ifg«*»6X^.^ 
*-*«f3-J'3'f;l-Ll, 3 >7 f >-y-C3tx«fe*&Stt 
5. f IT. V2«BE?i. mflBLTlrX. CC7>tt»«. 

tr ~tim. m<. *>^*a,. viato-tmio 

[0 0 6 7] (2) t 1- t2fSl<0»iff(X'f v^>?m 
^Ql^OFFOttJg) 

t I' - t lWXStnTV^«SS I l*«X-f7f>i'*f 

qia^of Ftt<6^^s/t«e>. n >^>-y-c msn, 3 

20 >x>-9-Cl(D«JEEVlA*i#UTU<. t 2Ef.6<Z> VI 
ICQ^Tll. Vl=EINT<fc*. 
[0 0 6 8] t 1~ t2rafcX*J«««a>«=>x*;P4£— # 

[0069] (3) t 2~ t 3fBJ£>IfrfP 
X'f y^>^*^QlfiOF Ftt»» X< v?>^*T ,: 
Q2«ON«S-e*-5^e>. I lli?-3-^3-f ;PLl-^» 
3>7 f >-9-C3— X-f y^^ai^Ql— y-f KCR 
2*Sttl5. 

[0 0 7 0] t 2- t 3tSJ-C«. A?7«jR«IEIM*»6«. 

30 x*;^tt«Ksnf. 7F3— ^3-<;PLifc*a!$n 

TV>*X*;U4=a<8iEn-5. 

[0 0 7 1] Vlli. X< v^>y*^Q2»ta|fitt»T 
EIK0)*EE-€-CDfcCDT7*-5. 

[0 0 7 2] (4) t3~t4m«ttfts 
X-f y^>y*^Ql. Q2. #KOFFtt»T»"5. 

[0 0 7 3] t3mf.^TX-f y^>^*T ,: Q2t>OFF« 
»tc/i-5A^. ^3 — *3< ;PLio»«x^.;i<*ic<l; 

O I ltt^-3— 4^3-f ;VL1— 3>r>U-C3- 3>v i > 
it CI— EINICdKtl*. 
40 [0 0 7 4] t4^f^^3-^3-f ^L10#«X^^ 

[0 0 7 5] r«)^Il=0A. V2HIE«ffi*7ctti^t 

•5. 

[0 0 7 6] VlfcIE<E>«:*:*M<i:fc'5. 
[0077] <5) t 4— t 5f8J<Z>ftfE 
X< y^>y*^-Ql. X-f yf>^«fQ2ftCOFF 

[0 0 7 8] 3>-r>-y-c3. 3 >-7 ? >-^cijr»«$n 
59 (c»«^n*. 
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(6) 

9 (6) 
tO 0 7 9 J II tt& (Art TtAt^-s. 
[0 0 8 01 VI. V2^C«il>LTt><. 
[0 0 8 11 t SBSjSaO >f>"tf-C3. CI**£C9Art 
a»ffl^fiOSSE 1 1#0 <o** Iite^co*;*;fl| 

[0 0 8 21 (6) t5~ t6fflC0»ife 

■? 3 -^3-f;ULi«. a»^rsjcDMx^.;t,^ (1/2) 
♦ LI- I V £Art«SSifflK«ifcT -5. I 15iHcoft;*:tta* 
4»'>LTU<. t6B3.&T?fc I 1£0TTV1=0 VKfc 

[0 0 8 31 t6^.«TVl=0VT*4* l b. 
>y»^Qia«ON( t6S*<£0 CDP#Z ERO*J£;W y 

[0 0 8 41 t0~ 1 1. t2~t3. t4~ t6!BJ« 

=f- 3 — # a -f ;p L l £ a > 5 s C 3co ^Mftft^fffc: fc> 

n*. 

[0 0 8 5] t 1— t 2£ t 3~ t 4F3Hi5 i 3 — dr^-OH- 
li <ClxC3)/(Cl+C3)«D*«ftf^* t ff^C*5nS. 
[0 0 8 61 V2tS». ^JgftftMCiOIE, f*CO«l£ 

- f c r 4 r s s « -e ¥ m l a x * m * B rt TT * 

-5. 

[0 0 8 7] St. tO~t3=t3-t6 = T/2lC-T%*(r 

2*ff»2. MttawraJtt-Cfc*. 
[0 0 8 81 »3COHJg«Sa6lC^T. 
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